lalr.adarjina
Experimental aeroelastic wind-tunnel testing has always been risky in terms of model integrity due to the fact that aeroelastic instabilities, such as flutter or static divergence, often quickly destroy the model. Occasionally, such losses represent the only useful information obtained after a great financial and time investment has been made to explore an aeroclastic phenomenon. To make matters worse, the test facility is also at risk from the debris of a destroyed model. Many test techniques 1, physical mechanisms 2-4, monitoring techniques, and safety features 5,6 have been developed and are being developed when possible to reduce risks to both models and test facilities during aeroelastic testing.
One such technique which has been used recently on several aeroelastically scaled flutter models is a deployable spoiler surface intended to substantially disrupt the aerodynamic forces on the model and thereby prevent flutter. This report describes a research study which was undertaken to specifically examine the effectiveness of such surfaces in preventing flutter.
The goal of the project was to obtain guidelines for locating and sizing such surfaces on models to maximize their effectiveness in suppressing flutter. The spoiler surfaces tested in this study were fixed in position and could not be remotely deployed as would be required for testing of an actual aeroelastic model. Identical spoiler surfaces were mounted above and below the wing surface at the same spanwise and chordwise location. The spoiler surfaces were tested on a 1.5 aspect ratio, rectangular semispan wing model. Previously determined flutter boundaries were available for a nearly identical wing model 7 which had been tested in Spoiler vertical height and width (spanwise) variations were tested at x/c=0.10, 11=0.67 (see figure 4). The spoiler heights (hs) available for testing at this location were 0.25", 0.50", 0.75", and 1.00". The spoiler width variations were 5, 10, and 15 percent of the wing semispan (w= 1.5", 3.0", and 4.5", respectively).
For the hs=0.50 ", w=3.0" spoiler, variations were made in the spanwise location on the wing surface. Three mounting positions were available for the spanwise variations along the x/c=0.10 chord of the wing. These positions corresponded to _=OA5, 0.67, and 0.90 as the point at which the spoiler was centered spanwise. A summary of the spoiler configurations tested is presented in table 1.
Ground Vibration Test
A ground vibration study was conducted on the windtunnel model to determine its natural frequencies and to locate modal node lines. The model was excited by an impulse air shaker to minimize distorting the modes. A lightweight roving accelerometer was used to locate the node lines of the natural vibration modes while exciting the model with the impulse air shaker.
Measured node lines determined during the ground vibration test of the model prior to the addition of the spoiler surfaces are shown in figure 5. Node lines measured following the addition of the spoilers were very similar to the experimental node lines shown in figure 5. Table 2 contains the measured natural frequencies of the first five vibration modes of the model.
Wind-Tunnel Test
The flutter boundary for the model was approached in two manners during the wind-tunnel test. These two test procedures are shown in figure 6. The first method was to begin testing at a specific Mach number and at a low dynamic pressure (relative to the predicted flutter dynamic pressure). Incremental increases in the dynamic pressure were then made at a constant Mach number to approach the flutter boundary. The second method involved testing along a near-constant stagnation pressure line in the windtunnel operating boundary. This technique is more time efficient in terms of tunnel operations. Throughout this experiment, the model was tested at a near zero angle-ofattack. Small changes in the angle-of-attar, k were made during the test so that the weight of the model was relieved (zero-g condition).
Analytical Tools
Several analytical computer programs were used to design the TDT flutter model. The results of these analyses also served as a guide in conducting the windtunnel test. Structural dynamic properties of the model prior to the addition of the spoiler surfaces were calculated using the Engineering Analysis Language (EAL) finiteelement-program package 9. Two-dimensional-plate elements were used to simulate the structural properties of the aluminum plate in the model. A drawing indicating the element arrangement developed in the finite element model is shown in figure 7 . The elements of the flexible support beam and the area of increased thickness on the wing plate were modeled with aluminum properties for a thickness of 0.391". The remainder of the wing from the leading edge to the 60 percent chord position was modeled as aluminum with a thickness of 0.25". The trailing edge region of the finite element model was simulated by 025"-thick plate elements with reduced values of Yotmg's modulus of elasticity and density (compared to aluminum) to account for the holes drilled through the plate in this region. Also, the trailing edge elements were shortened by 0.4" in the flow direction (in comparison to the physical model) to make allowance for the trailing edge taper in the aluminum plate. Nonstructural mass was added to the model to account for the weight of the balsa wood. EAL was used to calculate natural frequencies, mode shapes, and generalized mass properties for the flutter model. Figure 5 shows the comparison between calculated and measured node lines for four primary vibration modes graphically. The comparison is good for all four modes. Table 2 presents calculated frequencies and shows the comparison between the calculated modal frequencies (calculations prior to addition of spoiler surfaces) and the measured values with the spoilers mounted on the wing. Although the calculations did not include the added weight of the spoilers, the comparison with the experimental frequencies is good. This indicates that the spoilers had only small effects on the natural vibration characteristics of the basic wing.
Calculated mode shapes and generalized masses and experimentally measured natural frequencies were then used in a flutter analysis software system, known as FAST 10, to calculate the flutter properties of the model prior to the addition of the spoiler surfaces. FAST was used to calculate unsteady aerodynamic forces based on geometry and structural dynamic properties using planar subsonic kernel function lifting-surface theory. Flutter instabilities were calculated using the k method 11. The only available analytical results are for the clean wing configuration without the spoiler weights. Therefore, to compare the results with experimental results without additional analyses, the present clean-wing analyses were adjusted by the ratio of the first torsional mode frequencies (measured) to obtain estimated analytical flutter values for the clean wing with the spoiler weights added. This technique was used for the same basic wing model in an earlier study 8 and provided good correlation between analysis and experiment. The basis for this correction to the analytical results is that the spoilers add little weight and stiffness to the basic wing so that the differences to the basic wing flutter can be primarily accounted for by the small change in the first torsional mode natural f_equency.
Results and Discussion
Tests have been conducted in the TDT on a lowaspect-ratio, rectangular wing model to study the effects of spoilers on wing flutter. Results have been obtained for spoiler height and spoiler width variations. Spoiler location effects have also been researched by testing one spoiler geometry at three spanwise locations along the 10 percent chord (x/c=0.10) position.
Spoiler height effects.- Figure 8 indicates the effects of varying spoiler height (above the wing aerodynamic surface). Some of the experimental instability conditions are also presented in Table 3 . The primary objective of this research at the outset was to determine the flutter suppressing capability of spoiler surfaces such as tested in this study. Figure 8a gives insight into the flutter suppression capability of spoiler surfaces as a function of spoiler height. As the spoiler height is increased, there appears to be a stabilizing effect on the flutter condition of the model for conditions below a Mach number of approximately 0.7. For the 0.25" and 0.50" spoiler heights, this stabilizing trend is even more dramatic at transonic Mach numbers. But for Sl)oiler heights greater than 0.50", this trend in the transonic range did not continue. In fact, a new instability was excited which does not appear to be classical flutter as was experienced at previously discussed conditions.
The new instability appears to be a nearly single-degree-of-freedom torsional instability which is highly Mach number dependent and was found to occur at dynamic pressure conditions far below the expected flutter condition. The motion in this torsional instability appeared to be very similar to the wind-off first torsional mode of the wing. As the Mach number was decreased, the instability tended to transform from the torsional instability to the classical flutter instability in which the motion is primarily a coupling of the wing first bending mode and the wing first torsion mode. 
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